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A B ST R A C T
We report the discovery of an accreting binary, RAT J1953+1859, made during 
the RApid Temporal Survey (RATS) on the Isaac Newton Telescope. It showed high 
amplitude (0.3 mag) quasi-periodic oscillations on a timescale of ^20 mins. Further 
observations made using the Nordic Optical Telescope showed it to be ^ 4  mag brighter 
than in the discovery images. These photometric observations, together with radial 
velocity data taken using the William Herschel Telescope, point to an orbital period 
of ^90 mins. These data suggest that RAT J1953+1859 is a dwarf novae of the SU 
UMa type. What makes RAT J1953+1859 unusual is that it is the first such system 
to be discovered as a result of high amplitude QPOs during quiescence. This suggests 
that high-cadence wide-field surveys could be another means to discover cataclysmic 
variables as a result of their short period variability.
K ey words: Stars: binary - close; novae - cataclysmic variables; individual: - RAT 
J1953+1859; X-rays: binaries
1 IN T R O D U C T IO N
The RApid Temporal Survey (RATS) is a deep, wide-field, 
fast-cadence photometric survey which allows the discovery 
of objects which vary in their intensity on timescales rang­
ing from a few minutes to several hours (Ramsay & Hakala 
2005). Whilst our primary aim is to discover AM CVn bina­
ries (the hydrogen deficient cataclysmic variables, CVs, with 
orbital periods less than ~70 min) we expect to discover 
objects ranging from contact binaries, pulsating stars, flare 
stars and accreting binaries in general. In our pilot survey, 
we discovered more than 40 new variable objects including 
one system which we identified as a short period pulsating 
sdB star (Ramsay et al 2006).
Since our pilot survey, we have obtained further wide- 
field camera data using the 2.5m Isaac Newton Telescope 
(INT) on La Palma. Currently, we have discovered many 
1000’s of new variable stars. Most of them have periods 
longer than a few hours, but a number were found to show
periods shorter than 30 mins (and hence candidate AM CVn 
binaries). For these systems we have obtained followup spec­
troscopy. Here we report on observations on one such source, 
RAT J1953+1859, which is an accreting binary system.
2 W ID E  FIELD C A M ER A  DISCO VERY DATA
Data were taken using the Wide Field Camera on the 2.5m 
INT on 30 May 2005. There are 4 CCDs with approximate 
total field of view of 33 x33 (with a 11 x11 gap missing on 
one of the corners). The field was centered on the globular 
cluster M71 which has a tidal radius of 9.0 (Harris 1996). A 
series of 30 sec white light exposures were taken for 100 min
-  this includes the ~30 sec readout time of the camera. Data 
were flat fielded and bias subtracted in the usual manner.
Variable sources were identified using the difference im­
age analysis package Dandia (see Bramich et al 2005 for 
a description). Full details of how we identified variable
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F ig u r e  1. U pper panel: T he light curve of RAT J1953+1859 
taken  using th e  W ide Field C am era on th e  IN T  in June  2005. 
T he d a ta  were taken  in w hite light and each exposure was 30 sec. 
Lower panel: T he power spectrum  of th e  light curve shown in th e  
upper panel.
sources will be given elsewhere. Suffice to say, we identi­
fied a strongly variable object which was modulated on a 
period of ~20 min with an amplitude of 0.3 mag. The light 
curve and the corresponding power spectrum are shown in 
Figure 1. While the dominant period is at 19.7 min there 
are also prominent peaks at ~15.5 and ~9.2 min. We pre­
whitened the light curve on a period of 19.7 min period, and 
found that the peaks at 15.5 and 9.2 min were still present. 
We therefore do not believe these peaks are related to the 
window function. We phased the data on all three periods 
and find that they are not strictly periodic, rather they are 
quasi-periodic oscillations (QPOs).
To determine the sky co-ordinates of this variable 
source, we identified objects in the field which were in the 
2MASS catalogue. We then used astrom (Wallace & Gray 
2002) to obtain the astrometric solution for the field. The 
position of the variable source is a=19h 53m 27.2s , S= +18 o 
59 13.5 (2000) and the residuals on the positions are 0.4 . 
This places it 13.3 distant (equating to 1.5 x the cluster 
tidal radius) from the globular cluster M71. We therefore 
consider it unlikely that the variable source is associated 
with the cluster. We show the finding chart in Figure 2.
We took B V I images prior to the sequence of white
light exposures. Although we did not obtain images of pho­
tometric standard fields we were able to place our filter data 
on the standard system by matching up objects which were 
in the catalogue of Geffert & Maintz (2000) who obtained 
photometry of stars in the field of M71. Our variable source 
was V ~20.4 and (B — V) ~0.2 at the time of our obser­
vations (we note that our BV data was not simultaneous). 
Compared with other stars in the same field, our variable 
source is clearly blue.
3 FOLLOW UP PH O TO M ETR Y
We obtained further photometry of RAT J1953+1859 using 
the 2.5m Nordic Optical Telescope (NOT) sited on La Palma 
on 28th Sept 2008 using ALFOSC. It was immediately clear 
that RAT J1953+1859 was much brighter than in the dis­
covery data (the right hand panel of Figure 2). We did not 
obtain any filtered data of the field, but comparison with 
our INT white light images suggest that RAT J1953+1859 
was V ~16.5, or ~4 mag brighter than our INT discovery 
data.
We proceeded to obtain a sequence of 15 sec exposures 
in white light which lasted for 140 min. The chip was win­
dowed to reduce readout time to 5 sec. We show the full light 
curve in the top left hand panel of Figure 3. There is some 
evidence that the light curve repeats itself after ~90 mins 
with an amplitude of ~0.4 mag, although we note that the 
observation length was 140 mins. The second highest peak in 
the power spectrum is at ~46 mins (lower left hand panel of 
Figure 3). We removed the ~90 min trend and the resulting 
‘residual’ light curve is shown in the top right hand panel of 
Figure 3. It is clear even by ‘eye’ that low amplitude (~0.02 
mag) quasi-periodic behaviour is seen in the first half of the 
light curve. The power spectrum of this residual light curve 
is shown in the lower right hand panel of Figure 3 and shows 
peaks near 5.7, 10.2 and 12.7 mins. None of these peaks co­
incides with the peaks seen in the power spectra of the data 
taken using the INT.
4 O PTICAL SPEC TR O SC O PY
4.1 M ain spectral features
We obtained spectra of RAT J1953+1859 using the 4.2m 
William Herschel Telescope (WHT) and the Intermediate 
dispersion Spectrograph and Imaging System (ISIS) on La 
Palma at three separate epochs (Table 1). All the data were 
bias subtracted and the spectra were created using optimal 
extraction. Since we only took one arc lamp observation at 
the start and end of each sequence we cross-correlated the 
sky spectra and applied this small correction (less than 1 
pixel) to the spectra.
Our first set of spectra, which had exposures ranging 
from 120 sec to 420 sec and were taken when the source 
was in quiescence, shows emission lines of Ha, H,3 and Hy 
decreasing in prominence (Figure 4). The Balmer lines are 
also split (most clearly in Ha) and broad (a FWHM of 
~40A, corresponding to velocities of 1800 km/s) indicating 
the presence of an accretion disk. We also note the presence 
of a He I emission line at 5876 and 6678 A but the absence 
of the He II 4686 Aline. Strong Balmer emission is typical of
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F ig u r e  2. Left hand panel: T he w hite light finding chart for RAT J1953+1859 m ade using th e  W ide Field C am era on th e  IN T  in 
June  2005. T he circle shows th e  position of RAT J1953+1859. R ight hand panel: T he image taken  th e  N O T on Sept 28th 2008 — RAT 
J1953+1859 was ~ 4  m ag brigh ter th a n  in th e  IN T image.
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F ig u r e  3. Photom etric  observations m ade using th e  Nordic O ptical Telescope on 28th Sept 2008. In th e  to p  left panel we show our full 
light curve and its power spectrum  in th e  lower left. In th e  to p  right hand panel we show th e  light curve w ith th e  general tren d  removed. 
C lear Q PO  like features a re  seen in th e  light curve w ith periods betw een 5 and 13 m in (lower right hand panel).
dwarf novae in quiescence, although the He II 4686 A line 
is present in some dwarf novae (eg YZ Cnc, Shafter & Hes- 
sman 1988), but not in others (eg SS Cyg Martinez-Pais et 
al 1994).
The second epoch observations were taken on the same 
night as we obtained observations using the NOT when RAT
J1953+1859 was in outburst. The exposure time was 90 sec 
with a further 12 sec for readout. By the epoch of the third 
observation, the source had returned to quiescence and the 
exposure time was 240 sec with a further 25 sec for readout. 
We show the mean of the spectra taken in the blue and 
red arms in Figure 4. The spectra again show H a strongly
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F ig u r e  4 . T he blue and red spec tra  of RAT J1953+1859 taken  using ISIS on th e  W H T  on Sep 29 2008 and O ct 6 2008 when th e  source 
was in an o u tb u rst and quiescence respectively. We have not flux corrected th e  spec tra  so th e  instrum en tal response is p a rtly  reflected 
in th e  da ta .
T a b le  1. T he log of our optical spec tra l observations of RAT 
J1953+1859 m ade using th e  W H T  and ISIS. We show th e  date  
of th e  observations, th e  num ber of spec tra  in each arm , th e  g ra t­
ings used (red and blue respectively), th e  slit w idth, th e  spectral 
resolution in th e  red and blue arm s and th e  accretion s ta te  of th e  
source (QU - quiescence, OB - ou tbu rst).
D ate No.
Spec
G ratings Slit Res Accn
Sta te
2008 Aug 03 6 R158R R158B 0.6 5A, 5A QU
2008 Sep 29 24 R316R R300B 1.5 8A, 5A OB
2008 O ct 06 53 R158R R300B 0.8 8A, 3A QU
width of the higher velocity components. However, we were 
not able to find convincing evidence for any periods in the 
data.
Our second approach has the minimum of assumptions 
and splits the emission line into ‘violet’ and ‘red’ components 
(the ‘V /R ’ ratio) at an arbitrary, but fixed, wavelength. We 
then performed a Lomb-Scargle power spectrum on the total 
flux and the resulting V /R  time series. The longer time series 
made on Oct 6th 2008 when the source was in quiescence, 
gives a peak in the flux power spectra near ~1 hr and 27 
min, and peaks near 80-90 min and 22 min in the V /R  ratio 
power spectra (Figure 6). The shorter time series made when 
the source was in outburst shows a peak near 40 mins and
16 mins in both the flux and V /R  time series data.
in emission with the subsequent Balmer lines decreasing in 
strength with some evidence for the emission lines lying in a 
broader absorption core. At H  there is no sign of emission. 
In contrast to the quiescent state spectrum, He II (4686 A) 
is seen as a weak emission line. These spectral features are 
typical of a dwarf nova in outburst (see Martinez-Pais et 
al 1996 for spectral observations of SS Cyg taken over an 
outburst).
4.2 A search for periods
We show the spectra centered on H a in Figure 5. Although 
there are clear variations in the spectral profile over time, 
there are no obvious repeating features. We then performed 
a search for periods by determining the radial velocity of 
the H a emission features by fitting one or more Gaussian 
components -  some spectra can be well fitted using a single 
Gaussian, but in others three components were required. 
We tried a number of approaches, including fixing the line
5 RO SAT  OBSERVATIONS
A pointed observation of the field of RAT J1953+1859 was 
made on 10th Apr 1994 using the RO SAT  High Resolution 
Imager (pass band 0.2-2.4keV) which lasted for 31.7 ksec. 
Extracting an image using this data shows a clear X-ray 
source close to the position of RAT J1953+1859. Although 
not obvious from this image, there are two sources noted 
in the RO SAT  HRI pointed catalogue which are 4.1 and 
6.2 distant from the optical position of the variable ob­
ject and have quoted count rates of 0.0034(6) and 0.0057(8) 
counts/sec. In the subsequent analysis we assume that the 
wavelet analysis which was used in making the HRI cata­
logue has mistakenly distinguished two sources when there 
is only one in reality. We therefore believe that we have iden­
tified the X-ray counterpart of RAT J1953+1859 and has a 
count rate of 0.0091 c t/s  in the HRI.
We took the event data and corrected the arrival times
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F ig u r e  6. T he to p  panel shows th e  power spec tra  of th e  flux (left hand panel) and th e  V /R  ra tio  (right hand panel) of th e  H a  line in 
quiescence. In th e  lower panel we show th e  sam e p lo ts m ade using d a ta  taken  in o u tb u rst (in O ct 2008).
F ig u r e  5. T he stacked spec tra  showing th e  H a  emission line 
taken  on O ct 6 2008 when th e  source was in a  quiescent sta te . 
Each spectrum  has been norm alised so th e  continuum  is unity  
and tim e increases vertically.
of every event to the solar system barycenter. We searched 
for a periodic modulation in the X-ray light curve using a 
Discrete Fourier Transform. There is no evidence for any 
modulation period in the data. Because of its low count rate 
it is difficult to put an upper limit on the amplitude of any 
inherent period. However, we consider it to be quite possible
that a period of 20 mins with an amplitude of, say, 10 percent 
could easily go undetected.
We used the on-line tool PIMMS (Mukai 1993) to convert 
the RO SAT  HRI count-rate to flux assuming a Galactic col­
umn density of 1 x 1020 cm-2 and an internal absorption of
5 x 1020 cm-2 (appropriate for an accreting binary source). 
Assuming a thermal bremsstrahlung emission spectrum of 
temperature of 20 keV a count rate of 0.0091 c t/s  gives an 
observed flux (0.2-2.4keV) of 3.6x10-13 ergs s-1 cm-2 . This 
gives an observed X-ray luminosity of 4.3x1029d200 erg/s 
(0.2-2.4keV) and an unabsorbed bolometric luminosity of 
2x 1030d200 erg/s.
We can estimate the distance to RAT J1953+1859 us­
ing the absolute magnitude in outburst verses orbital period 
relationship for hydrogen (non-magnetic) accreting CVs (see 
Warner 1987 and Patterson 2009). Although there is some 
uncertainty in the peak brightness of RAT J1953+1859 in 
outburst, we assume Vmax =16.5 (cf §3). To account for the 
apparent orientation of the disc we assume a binary incli­
nation i =  45°, which gives an inclination corrected peak 
brightness of V =16.1 (cf Patterson 2009, eqn 2). For an 
orbital period of 90 min, the Mv,max, Porb relationship im­
plies Mv =5.3 and therefore a distance of ~1.5 kpc. Such 
a distance would indicates an X-ray unabsorbed bolomet- 
ric luminosity of 4.5x1032 erg/s. This implies that RAT 
J1953+1859 is one of the more luminous dwarf novae ob­
served using RO SAT  (van Teeseling, Beuermann & Verbunt 
1996).
van Teeseling & Verbunt (1994) plot the X-ray Opti­
cal/UV flux ratios for a number of CVs of different types. 
For sources not observed using IUE  they use the rela­
6
tionship logF(uv+oPt) =  — 0.4mv — 4.32 as an approxi­
mate guide. For RAT J1953+1859 in a low state, this gives 
FUV+Opt =  3.3 x 10-13 ergs s-1 cm-2 . For an unabsorbed 
X-ray flux over the energy range 0.1-2.0keV of 5.0 x 10-13 
ergs s-1 cm-2 this gives an FX /F UV ~5. Although there is 
considerable uncertainty in this calculation, this ratio sug­
gests an orbital period of approximately 1 hour (cf Figure 7 
of van Teeseling & Verbunt 1994).
6 D ISC U SSIO N  A N D  CO NCLUSIO N
RAT J1953+1859 shows clear evidence for low and high ac­
cretion states and has a clear X-ray counterpart. Further, 
it shows no emission from He II (4686A) during quiescence, 
while the Balmer emission lines appear rather broad (1800 
km/s). During outburst, there is some evidence that the 
light curve repeats on a period of ~90 mins. This is con­
sistent with the 80-90 min period seen in the V /R  ratio 
derived from spectra taken during quiescence. All of these 
characteristics point to RAT J1953+1859 being a CV and a 
dwarf nova in particular.
Most dwarf novae with periods shorter than the period 
gap (2 hrs) are SU UMa systems -  these dwarf novae ex­
perience super-outbursts which are brighter and last much 
longer than normal outbursts. If we assume for argument 
that the 90 min period is real, then this period would be the 
signature of the super-hump modulation, which is typically 
a few percent longer than the orbital period. The 80-90 min 
modulation seen in the V /R  ratio power spectra during qui­
escence is therefore likely due to the binary orbital period.
W hat makes RAT J1953+1859 unusual is that it was 
discovered by means of high amplitude QPOs seen during 
quiescence. QPOs have been seen in many CVs, ranging 
from ~100 sec to ~2000 sec (see Warner 2004 for a recent 
review of the whole range of quasi-periodic behaviour seen 
in CVs). However, QPOs are mostly seen during a dwarf 
nova outburst, or in the rise up to, or decline from an out­
burst. We know of only two instances where quasi periodic 
behaviour has been seen in dwarf novae in quiescence and 
both had periods which were shorter than that observed in 
RAT J1953+1859. V893 Sco showed oscillations on a period 
of 5.7 mins (and an amplitude of ~0.2 mag) during one night 
of observation (Bruch, Steiner & Gneiding 2000) and WX 
Hyi which showed QPOs with a period near 3 min (and am­
plitude of ~0.1 mag) at several quiescent epochs (Pretorius, 
Warner & Woudt 2006).
Gansicke (2005) gave a summary of the different means 
for discovering CVs. While around half were discovered as 
a result of their optical variability, all these systems were 
found as a result of the source undergoing an outburst. RAT 
J1953+1859 is the first CV to be identified as a result of 
high amplitude QPOs seen during quiescence. We agree with 
Pretorius et al (2006) who note that the apparent lack of 
QPO’s found in dwarf nova in quiescence could be simply 
that people have not looked for them.
The RATS project has several million light curves in its 
archive. We have so far concentrated on identifying sources 
which show periodic behaviour in their light curves. A next 
step is to apply a number of different variability measures. 
Since CVs show prominent flickering behaviour (eg Bruch 
1992) we expect to discover many more CVs through this
means in our survey. We therefore have good reason to ex­
pect that high time resolution photometric surveys such as 
RATS are likely to become an increasingly important tool 
for identifying accreting binaries in general and cataclysmic 
variables in particular. More complete samples of such sys­
tems may be selected by this methods using, for instance, 
the LSST and VST.
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